The chemical changes in barley-straw (BS), wheat-straw (WS) and vineyard-pruning (VP) substrates were determined during colonization of Lentinula edodes mycelia (during primordium development) in solid state fermentation. Primordia appeared 39-50 days after inoculation. VP appeared to promote early sporophore initiation. The concentration of hemicellulose in BS and VP decreased gradually from 25.5% to 15.6% and from 15.8% to 12.3%, respectively. However in WS, hemicellulose decreased from 27.2% to 9.5%. Lignin broke down continuously in BS and WS, with 31.8% and 34.4% degradation, respectively; higher than that of cellulose. During the pinning stage, the C:N ratio decreased in VP and BS, but not in WS. On all substrates the phenols decreased notably throughout the first week of mycelial growth. The time elapsed (days) to pinning was positively correlated with cellulose content (r=0.89), total sugar (r=0.85) and inversely correlated to lignin (r=-1.00) and phenol content (r=-0.55).
INTRODUCTION
Commercial interest in the shiitake mushroom [Lentinula edodes (Berk.) Pegler] has increased in recent years, mainly because of its high value on the international market and an increase in dried mushrooms imports by some countries. The latter has occurred, not only because of its excellent aroma, flavor and nutritional profile, but also because of its medicinal properties (19, 56) . Among all the edible mushrooms cultivated worldwide, shiitake occupies second place (7) . China dominates the world market for this mushroom, because the successful production of this crop on shavings has continually increased its production in recent decades. China produced
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The most common alternative substrates for shiitake production in Mexico and other Latin American countries are:
Carpinus, Bursera, Alnus and Heliocarpus shavings (29, 32, 33) , coffee pulp, wheat straw, sugar cane bagasse and the sawdust of different types of wood (14, 28, 38, 45) . However, availability of some of these substrates is limited. Other http://www.fao.org/index_en.htm.). For the agricultural sector of the economies in temperate and subtropical countries it is important to recognize the value of the agricultural residues left over from the cultivation of various crops (37) .
These days, much of the research done on mushrooms that have nutritional or pharmacological value focuses on the development of cultivation strategies that make it easy to obtain target compounds. Therefore, adopting modern practices of fermentation or cultivation can lead to larger harvests and other advantages. For example, an increase in early fruiting will reduce production time.
Shiitake cultivation involves two phases in order to support different physiological stages of the fungus: 1. (35, 43) .
To develop an efficient cultivation method for growing mushrooms on cereal straw and vineyard prunings, and to provide information on how to best use the substrate for shiitake production on a commercial scale, it is important to know how the mycelium uses the nutritional elements provided by these non-conventional substrates. Therefore, the objective of this study was to evaluate chemical modifications in three non-conventional substrates subjected to solid state fermentation by four strains of Lentinula edodes under green house conditions. Changes in the concentrations of lignin, cellulose and hemicellulose, and their correlations during mycelial growth prior to fruit body production were determined. This is expected to improve our understanding of the differential utilization of diverse constituents of agricultural lignocellulosic residues during the vegetative growth phase. spawn were prepared as previously described by Gaitán-Hernández and Mata (14) and Gaitán-Hernández et al., (15) .
MATERIALS AND METHODS
The vegetative developmental stage occurred at 25°C; this is an optimal temperature for shiitake (7) and a key factor in regulating most of the fungus' metabolism. For primordium formation, the temperature was lowered to 16-20°C (10) . Air recirculation was used for cooling, to maintain air distribution, to increase oxygen levels and reduce CO 2 . The concentration of CO 2 was kept below 1000 ppm, as recommended for the proper primordium development (39, 52) . In L. edodes the moisture content of the substrate and the relative humidity of the air during vegetative growth and primordium formation have a direct effect on mycelial growth given that they influence both nutrient availability and fungal degradation.
Colonized substrates were subjected to proximate Data was analyzed using a two-way analysis of variance.
The mean values were separated by Duncan's multiple range test ( <0.05). Correlation analyses were carried out to determine the relationship between the chemical constituents of the substrates and the days to primordium formation. All statistical analyses were performed using SAS 8.02 statistical package for Windows (48) .
RESULTS AND DISCUSSION
Primordium development occurred on all substrates. The shortest mean time to the appearance of the primordia was and from 3.89% to 4.96%, respectively. This result agrees with those of other authors who also evaluated substrates inoculated with shiitake (24) . This increase in protein content is attributed to the fungus residues left in the substrate analyzed.
It might also result from some microorganism associated with the fungus that has the ability to fix nitrogen from the atmosphere, resulting in an increase in the substrate's nitrogen content (42) . 
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Variation in the phenol content of substrates is an important aspect in the adaptation of shiitake strains since the capacity of a substrate to resist degradation has been partially attributed to its array of phenolic compounds (13) . In the present study, significant differences were observed in the total phenol content among substrates before and after being inoculated with shiitake ( Figure 4) . 
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The initial concentration of hemicellulose, cellulose and lignin ( (Table 1) . These results coincide with those of Morais et al. (31) , who mentioned that when shiitake grows on lignocellulose substrates, cellulose degradation is lower than that of lignin. Throughout mycelial growth, the percentage biodegradation in both types of cereal straw was generally greater than that of the vineyard prunings. However primordium production on the latter took less time, indicating that shiitake has a greater assimilation capacity on this substrate. According to our results, the lignin degradation capacity of shiitake was different on cereal straw as compared to vineyard prunings, mainly because of differences in the composition of the primary polymers in the lignin complex.
This probably affected the affinity of the mushroom's enzymes for the substrate. The activity of these enzymes depends on the composition of the substrate and environmental conditions (31) .
During the vegetative growth of shiitake on the three substrates, the ash concentration increased steadily relative to the control. Significant differences were observed between stages, with a greater quantity of minerals during the advanced stages of culture. Ash content increased more than 300% in VP and more than 100% in WS and BS (Table 1) . Thus, a relative increase in the ash content was observed during the course of degradation of the substrate and utilization of its components (41) . Chantaraj (8) and Sánchez et al. (47) proposed that an increase in mineral content is one of the changes that substrates undergo during enzymatic breakdown and the resulting organic matter is utilized while the fungi are in the vegetative development stage. The low initial mineral content in vineyard prunings is common to the types of wood commonly used for shiitake cultivation (22) . However, it is the type of minerals and not the quantity in the substrate that is a key factor for good mushroom development. In Lentinula edodes, Leatham and Stahmann (23) reported that the growth and development of shiitake are strongly affected by mineral concentration. In our results, even though the vineyard prunings had the lowest initial mineral concentration, shiitake grown on this substrate had the shortest time from inoculation to pinning (Table 1) .
The carbon to nitrogen ratio (C:N) in the control was different from that of the colonized substrates, but during shiitake's growth phase the ratio varied depending on the strain and the substrate (Table 1 Sugar content for the different stages, strains and substrates studied are shown in Table 1 . Significant differences among stages were found. The two types of cereal straw had a tendency to increase total sugar compared to the control, while the sugar content of VP substrate declined during the spawn run phase. In WS, total sugar increased 26.6% in the primordium formation stage while an increase of more than 500% was observed in BS. Chantaraj (8) noted that after the mushrooms have grown, the compounds in the substrate are more soluble with three to five times more free sugar.
Similarly, Rajarathnam et al. (40) , showed that Pleurotus flabellatus cultivated on rice straw also promoted a continuous
Vegetative growth of L. edodes increase in sugars during initial mycelial growth followed by a decrease during the fruiting stage. This is possibly associated with the energetic requirements for initiating fructification.
Mushrooms need easily assimilated sources of carbon and available sugars. These accelerate mushroom growth and the degradation of the medium, and also reduce fructification time since the mycelium will convert these carbohydrates into reserves for fruiting (39) .
Correlation studies between the constituents of the substrates and the number of days to primordium formation (Table 2) The results obtained in our study indicate that the cereal straw and other residues by white-rot fungi has been applied to increase the nutritional value of forage (1, 9) . This increase in digestibility provides organic carbon that can be fermented to organic acids in an anaerobic environment, such as the rumen.
